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,QWHUQDWLRQDO&RQIHUHQFHRQ0HFKDQLFDODQG(OHFWURQLFV(QJLQHHULQJ
7KH'HVLJQDQG,PSOHPHQWDWLRQRI0RELOH0RQLWRULQJ6\VWHP
RI7UDQVPLWWLQJ6WDWLRQ%DVHGRQ$QGURLG3ODWIRUP
&KHQKXL;LHD-LDQ=KRXE6KDQ6KDQ/LF /X<LQJ-LDG
D,QIRUPDWLRQ(QJLQHHULQJ6FKRRO&RPPXQLFDWLRQ8QLYHUVLW\RI&KLQD%HLMLQJ&KLQD
E(&'$9&RPPXQLFDWLRQ8QLYHUVLW\RI&KLQD%HLMLQJ&KLQD

$EVWUDFW
,Q YLHZ RI WKH KLJK VSHHG GHYHORSPHQW RI FXUUHQWPRELOH SODWIRUP UHODWHG WHFKQRORJ\ DQGZLUHOHVV WHOHFRPPXQLFDWLRQ
WHFKQRORJ\ WKLV SDSHU GHVLJQV DQG UHDOL]HG D UDGLR DQG WHOHYLVLRQ ODXQFKLQJ SDG PRELOH PRQLWRULQJ V\VWHP EDVHG RQ
$QGURLG SODWIRUP 7KH V\VWHP DV H[SDQVLRQ RI WKH SUHVHQW VFHQH PRQLWRULQJ V\VWHP WR UHFHLYH UHDOWLPH GDWD RQ
WUDQVPLWWHUV DQG FRQWURO WKHLU VWDWHV E\ ZLUHOHVV QHWZRUN DW DQ\ WLPH DQG SODFH WKXV IXUWKHU LPSURYH WKH RSHUDWLRQ
HIILFLHQF\RIWUDQVPLWWLQJVWDWLRQ

3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGV0RELOHPRQLWRU$QGURLG6HFXULW\KDUGHQLQJ'DWDSXVK
,QWURGXFWLRQ
$V IRUHIURQW RI QDWLRQDO SXEOLFLW\ UDGLR DQG WHOHYLVLRQ ODXQFKLQJ SDG WDNH WKH H[WUHPHO\ LPSRUWDQW
UHVSRQVLELOLW\WRUDGLRDQG79ODXQFKWDVN>@7KHWUDQVPLWWHULVWKHFRUHRIWKHWUDQVPLWWLQJVWDWLRQWKHQRUPDO
RSHUDWLRQRIWKHWUDQVPLWWHUFDQDIIHFWVWRWKHWUDQVPLWWLQJVWDWLRQEURDGFDVWTXDOLW\7KHUHIRUHVHWXSDVHWRI


&KHQKXL;LH7HO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SHUIHFWPRQLWRULQJPDQDJHPHQWV\VWHPWRDVVLVWZRUNHUVRYHUDOOFRQWURORIWKHWUDQVPLWWHUIDVWUHVSRQVHDQG
LPSURYHWKHVHFXULW\KDYHDYHU\LPSRUWDQWUROH
$ORQJZLWKWKHGHYHORSPHQWRIPRELOHKDQGKHOGGHYLFHV*RRJOH
V$QGURLGV\VWHPDVDUHSUHVHQWDWLYHRI
DQHZJHQHUDWLRQRIPRELOHRSHUDWLQJV\VWHPLVDEOHWRZLGHDWWHQWLRQZKLFKDSSHDUVWDNHPRUHRSSRUWXQLWLHV
DQGFKDOOHQJHVWRLQWHOOLJHQWPRELOHILHOG$QGURLGEDVHGRQ/LQX[NHUQHOTXLFNO\JHWHQWKXVLDVWDQGVXSSRUW
RIPDQ\PDQXIDFWXUHUVEHFDXVHWKHFKDUDFWHULVWLFVRIIUHHDQGRSHQVRXUFH
,Q WKLV EDFNJURXQG WKLV SDSHU FRPELQH WKH FRPSXWHU WHFKQRORJ\ QHWZRUN WHFKQRORJ\ DQG PRELOH
FRPPXQLFDWLRQWHFKQRORJ\ZLWKWKHWUDQVPLWWHUPRQLWRUWHFKQRORJ\GHVLJQDPRELOHPRQLWRULQJV\VWHPEDVHG
RQ WKH$QGURLGSODWIRUP7KHV\VWHP WDNH IXOO DGYDQWDJHVRI WKHFKDUDFWHULVWLFVDQGDGYDQWDJHVRI$QGURLG
SODWIRUPWRUHDOL]HPRUHIOH[LEOHIXOOWLPHPRQLWRUEDVHGRQWKHRULJLQDOVFHQHWUDQVPLWWHUPRQLWRULQJV\VWHP
$QGURLG'HYHORSPHQW
*RRJOHKDVGHYHORSHGRSHQVRXUFH$QGURLGRSHUDWLQJV\VWHPIRUPRELOHSODWIRUPZKLFKLVDOVRXVHGLQWKH
QHWERRN 7KH V\VWHP VWUXFWXUH RI $QGURLG FDQ EH GLYLGHG LQWR IRXU OD\HUV DSSOLFDWLRQ OD\HU DSSOLFDWLRQ
IUDPHZRUNOD\HUV\VWHPVUXQWLPHOD\HUDQG/LQX[NHUQHOOD\HU$QGURLGUXQVDFXVWRP-90RQWRSRIOLQX[
NHUQHO ,W DOORZV GHYHORSHUV WR ZULWH $QGURLG DSSOLFDWLRQV ZLWK *RRJOH GHYHORSHG -$9$ OLEUDULHV (DFK
DSSOLFDWLRQKDVDQLQGHSHQGHQW'DOYLNYLUWXDOPDFKLQHH[DPSOH7KLVH[DPSOHOLYHVLQD/LQX[NHUQHOE\WKH
SURFHVVRIPDQDJHPHQW'DOYLNVXSSRUW-DYD1DWLYH,QWHUIDFH-1,SURJUDPPRGH$QGURLGDSSOLFDWLRQVFDQ
EH WKURXJK WKH -1, FDOO RI 6KDUHG OLEUDU\ RI GHYHORSPHQW E\&& WR UHDOL]H -DYD& SURJUDPPLQJ
PHWKRG>@ ,QVWDOODWLRQ$QGURLG6'.DQG(FOLSVH ,'( LV WKHPRVW FRQYHQLHQWZD\ WRGHYHORSPHQW$QGURLG
DSSOLFDWLRQ(FOLSVHSURYLGHVDULFK-DYDHQYLURQPHQW$QGURLG'HYHORSHU7RROVZLOOSDFNDQGLQVWDOOLWDIWHU
-DYDFRGHEHFRPSLOHG$QGURLGV\VWHPVWUXFWXUHDVVKRZLQ)LJ
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)LJ$QGURLGV\VWHPVWUXFWXUH
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6\VWHP2YHUYLHZ
7KH FOLHQWVLGH RI WKH V\VWHP DSSOLHG WR WKH $QGURLG RSHUDWLQJ V\VWHP 9HUVLRQ  DQG GHYHORSHG E\
(FOLSVHWKDWFRPELQHGZLWK$'7DMDYDSOXJLQ7KH6HUYHUHQYLURQPHQWLV:LQGRZV6HUYHURSHUDWLQJ
V\VWHPDQGXVH$631(7DVGHYHORSPHQWWRROV7KHEDFNGDWDEDVHLV0LFURVRIW64/6HUYHU7KH
ZKROHV\VWHPUHDOL]HVWKHXVHUORJLQXVHUPDQDJHPHQWWUDQVPLWWHUPRQLWRULQJDQGFRQWURO
7KHVPDUWSKRQHPRELOHPRQLWRUV\VWHPXQGHU$QGURLGV\VWHPLVDVXSSOHPHQWDU\UROHIRURULJLQDOVFHQH
PRQLWRULQJV\VWHP,WIRUXVWRLQTXLUHWUDQVPLWWHUVWDWHXQGHUWKHFRQGLWLRQWKDWXQPDQQHG7KHZLUHOHVVGDWD
QHHGV WR EH WUDQVPLWWHG WKURXJK *356 QHWZRUNV RU * QHWZRUN 7KH PRQLWRULQJ FHQWHU VHUYHUVLVH RI
WUDQVPLWWLQJVWDWLRQPXVWEHFRQQHFWHGWRWKH,QWHUQHWDQGVKRXOGKDYHIL[HGRUG\QDPLFSXEOLF,3DGGUHVV
0RELOHPRQLWRUV\VWHPEDVHGRQ$QGURLGFDQEHUHVHDUFKHGDQGGHVLJQHGWKURXJKIRXUDVSHFWV
x 6RIWZDUH LQWHUIDFH GHVLJQ GHYHORSPHQW 7KURXJK IULHQGO\ XVHU LQWHUIDFH RQ VPDUW SKRQH WR UHDOL]H WKH
UHPRWHORJLQWUDQVPLWWLQJVWDWLRQFHQWHUVHUYHUJHWWLQJSDUDPHWHUVRIHDFKRIWKHWUDQVPLWWHUDFFXUDWHO\DQG
G\QDPLFGLVSOD\RQPRELOHSKRQHV&RQWUROVRPHVWDWHRIWUDQVPLWWHUWRDFHUWDLQGHJUHH
x 7HUPLQDO VHFXULW\ PRGXOH6HFXULW\ LV WKH PRVW LPSRUWDQW RI WKH V\VWHP 0RELOH PRQLWRU PDQDJHPHQW
V\VWHPWUDQVPLWVGDWDWKURXJKWKHSXEOLFPRELOHFRPPXQLFDWLRQQHWZRUNVRWKHV\VWHPVKRXOGVWUHQJWKHQ
WKHGDWDVHFXULW\WKURXJKWKHPXOWLSOHZD\V
x 'DWDSXVKPRGXOHEHWZHHQPRQLWRUFHQWHUVHUYHUDQG$QGURLGPRELOHSKRQH3URJUDPWKHVHUYHUDQGWKH
$QGURLGPRELOHSKRQHFOLHQW&XVWRPL]HSURSHUGDWDWUDQVPLVVLRQPHFKDQLVP5HDOL]HWKHZKROHSURFHVV
RIFOLHQWUHTXHVWIURPPRELOHSKRQHVWUDQVPLWWHUH[WUDFWUHOHYDQWGDWDE\WKLVUHTXHVWDQGUHVSRQVHLW7KH
ZKROHSURFHVVLVFRPSOHWHGWKURXJKZLUHOHVVQHWZRUNDQGWKHGDWDWUDQVPLVVLRQHIILFLHQWO\
x 'DWDDQDO\WLFDOPRGXOH$OOWUDQVPLWWHUGDWDDUHSDFNDJHGE\-621IRUPDW
6\VWHP'HVLJQ6FKHPH
6RIWZDUH,QWHUIDFH'HVLJQ
7KLVPRGXOHLPSOHPHQWVPRQLWRULQJVRIWZDUHLQWHUIDFHGHVLJQ,QPRQLWRULQJOLVWLQWHUIDFHWKHV\VWHPOLVWV
DOOWKHWUDQVPLWWHU¶VIUHTXHQF\DQGGLVSOD\FKDUWVG\QDPLFDOO\RIWUDQVPLWWHGSRZHUDQGUHIOHFWHGSRZHUWKLV
WZRSDUDPHWHUVDUHHVSHFLDOO\LPSRUWDQWLQPRQLWRUV\VWHP)LJFOLFNRQWKHEXWWRQQRWRQO\FDQLQTXLUHV
DOOWUDQVPLWWHUZRUNSDUDPHWHUVLQFOXGLQJYROWDJHDOONLQGVRIDODUPLQIRUPDWLRQVWDQGLQJZDYHUDWLRDQGVR
RQEXWDOVRFRQWUROWUDQVPLWWHU
VVWDWXVVXFKDVWKHVZLWFKPDFKLQHDQGUHVHWRSHUDWLRQDVVKRZLQ)LJWKH
UHGGRW UHSUHVHQWVFXUUHQWSURSHUW\RXWRIRUGHU%HFDXVHRI WUDQVPLWWLQJ VWDWLRQ PD\KDYHPDQ\GLIIHUHQW
W\SHV RI WUDQVPLWWHU ZKHQ D IDW ORW RI SDUDPHWHUV QHHG WR EHPRQLWRUHG  WKH V\VWHP WDNHV ZD\ RI VOLGLQJ
SDJLQJWRGLVSOD\$OOGDWDLQ)LJDUHWHVWGDWD
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 
)LJD7UDQVPLWWHUOLVWE7UDQVPLWWHUGHWDLOLQIRUPDWLRQ
'XHWRWKH$QGURLGSODWIRUPLVYHU\SRSXODUDWSUHVHQWZHDQDO\VLVWKHXVHUXVDJHRQWKH$QGURLGSODWIRUP
WKURXJKWKHLQYHVWLJDWLRQDQGVWXG\RIVLPLODUVRIWZDUHFRPELQHGZLWKWKHVWURQJIXQFWLRQRI$QGURLG6'.
DQGPXOWLWRXFK FKDUDFWHULVWLF RI LQWHOOLJHQW WHUPLQDO WR GHVLJQ D HDV\WRXVH VRIWZDUH LQWHUIDFH IRU XVHUV WR
FUHDWHDJRRGH[SHULHQFH
6HFXULW\+DUGHQLQJ0RGXOH
:HPDLQO\UHLQIRUFHWKHVHFXULW\IURPWKHWKUHHDVSHFWV
x 8VLQJGDWDHQFU\SWLRQDOJRULWKPWRSUHYHQWZLUHOHVVGDWDLQWHUFHSWHG7KHV\VWHPXVHV'(6DOJRULWKP7KH
'DWD(QFU\SWLRQ6WDQGDUG'(6DOJRULWKPDGRSWHGE\WKH86JRYHUQPHQWLQLVDEORFNFLSKHUWKDW
WUDQVIRUPV ELW GDWD EORFNVXQGHU D ELW VHFUHW NH\ E\PHDQV RI SHUPXWDWLRQ DQG VXEVWLWXWLRQ ,WLV
RIILFLDOO\ GHVFULEHG LQ ),36 38%  7KH '(6 DOJRULWKP LV XVHG IRU PDQ\ DSSOLFDWLRQV ZLWKLQ WKH
JRYHUQPHQW DQG LQ WKH SULYDWH VHFWRU'(6 DOJRULWKP KDV H[WUHPHO\ KLJK VHFXULW\ VR IDU LW¶V IRXQG QR
PRUHHIILFLHQWZD\XQOHVVXVHWKHPHWKRGRIH[KDXVWLRQDOJRULWKPWRDWWDFNWKH'(6
x $XWKRUL]LQJDFFRXQWE\ELQG6,0FDUGDQG,0(,0RELOHSKRQHKDVDXQLTXHGHYLFH,'FDOOHGWKH,0(,
,QWHUQDWLRQDO 0RELOH (TXLSPHQW ,GHQWLW\ ,QWHOOLJHQW WHUPLQDO PRQLWRU VRIWZDUH ZLOO ELQG 6,0 FDUG
QXPEHU WR ,0(,:KHQ WKH FRQQHFWLRQ EH UHTXLUHGE\ FOLHQW WKURXJK WKH GDWDEDVH WHFKQRORJ\ WR FKHFN
ZKHWKHU WKHFHOOSKRQHXVHUVKDYHDOUHDG\KDGDXWKRUL]HGDQGRQO\DIWHU UHJLVWHUHG0RELOH WHUPLQDODQG
WKH6,0FDUGFDQXVHVRIWZDUHZLWKRXWUHJLVWUDWLRQRI0RELOHSKRQHDQGWKH6,0FDUGDUHXQDEOHWRVWDUW
VRIWZDUH%DVHGRQ WKLVDXWKHQWLFDWLRQPHFKDQLVPEXLOGLQJXVHU LQIRUPDWLRQGDWDEDVHVHSDUDWHGLIIHUHQW
XVHUV RI DXWKRUL]HG IURP HDFK RWKHU VR FDQ SUHYHQWPDOLFLRXV XVHUV WR ORJLQ V\VWHP WKURXJK XVH LOOHJDO
DFFHVVDFFRXQWRQWKHLUPRELOHSKRQHV
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x 8VLQJ 1JLQ[ WR KLGGHQ WKH UHDO GDWD VHUYHU 1JLQ[ LV D KLJKSHUIRUPDQFH +773 VHUYHU DQG UHYHUVH
SUR[\DVZHOODVDQ,0$3323SUR[\VHUYHU$OOFOLHQWVZLOOUHTXHVWGDWDIURP1JLQ[SUR[\VHUYHUZKLFK
DYRLGWKHUHDOVHUYHUDUHH[SRVHGWRWKHSXEOLFWKXVIXUWKHUVWUHQJWKHQWKHVHFXULW\RIWKHV\VWHP
6\VWHP'HVLJQ)ORZFKDUW

)LJ&OLHQWVLGHGHVLJQIORZFKDUW
6XPPDULHV
0RELOHPRQLWRULQJV\VWHPUHDOL]HGUHPRWHPDQDJHPHQWWRUDGLRDQGWHOHYLVLRQWUDQVPLWWLQJVWDWLRQE\XVH
RI WKH SRZHUIXO IHDWXUHV RI $QGURLG SODWIRUP DQG EURXJKW GDLO\ ZRUN LQWR WKH DXWRPDWLRQ DQG QHWZRUNLQJ
SURFHVVVRDVWRHQKDQFHRSHUDWLRQHIILFLHQF\RIWUDQVPLWWLQJVWDWLRQ
7KH V\VWHP WDNHV IXOO DGYDQWDJH RI WKH FKDUDFWHULVWLFV RI $QGURLG RSHUDWLQJ V\VWHP XVHU LQWHUIDFH
LQWXLWLYHO\DQGRSHUDWLRQPRGHFRQFLVHO\LW¶VYHU\VXLWDEOHIRUWKHUHODWHGZRUNHUVDQGOHDGHUVKLSWRFKHFNWKH
RSHUDWLRQFRQGLWLRQDQGDGMXVW WUDQVPLWWHUSDUDPHWHUVDWDQ\ WLPHDQGSODFH%DVHGRQ WKLV WKLVV\VWHPZLOO
KDYHJUHDWSRWHQWLDODQGDJRRGDSSOLFDWLRQSURVSHFWLQUDGLRDQGWHOHYLVLRQILHOG
5HIHUHQFHV
>@-LDQ=KRX;XDQ:DQJ:HLMLH7DQ6KDQVKDQ/L%URDGFDVW&RQWHQW6HFXULW\%DVHG6SUHDG6SHFWUXP$XGLR
:DWHUPDUNLQJ>&@QG,QWHUQDWLRQDO&RQIHUHQFHRQ:LUHOHVV1HWZRUNVDQG,QIRUPDWLRQ6\VWHPV
:,16&KRQJ4LQJ1RYHPEHU
>@:HLMLH7DQ-LDQ=KRX6KDQVKDQ/LDQG;LQ[LQ/L0RELOH,QWHOOLJHQW7HUPLQDO0RQLWRULQJ6\VWHP)RU
%URDGFDVW7UDQVPLWWLQJ6WDWLRQ>&@,QWHUQDWLRQDO&RQIHUHQFHRQ6\VWHP'HVLJQDQG'DWD3URFHVVLQJ
,&6''37DL<XDQ)HEUXDU\
>@6KDQVKDQ/L-LDQ=KRXDQG:HLMLH7DQ7KH6WXG\LQJDQG5HDOL]LQJRI7UDQVPLWWHU6WDWLRQ5HPRWH
0RQLWRU6\VWHP>&@UG,QWHUQDWLRQDOFRQIHUHQFHRQIXWXUHELRPHGLFDOLQIRUPDWLRQHQJLQHHULQJ)%,(
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4LTLKDHU
>@-LDQ=KRX6KDQVKDQ/LDQG:HLMLH7DQ7KH5HVHDUFKRI7ULQHWZRUNVLQWHJUDWLRQ6HFXULW\&RQWURO
6\VWHP>&@,QWHUQDWLRQDO&RQIHUHQFHRQ0DFKLQH9LVLRQDQG+XPDQPDFKLQH,QWHUIDFH09+,

>@*RQJOHL]KRXFKRQJ'HYHORSPHQWDQG5HVHDUFKRIPRELOHWHUPLQDODSSOLFDWLRQEDVHGRQ$QGURLG>-@
&RPSXWHUDQG0RGHUQL]DWLRQ
>@$QGURLG2SHUDWLQJ6\VWHPKWWSHQZLNLSHGLDRUJZLNL$QGURLGRSHUDWLQJV\VWHP
>@%)LW]SDWULFN'LVWULEXWHGFDFKLQJZLWKPHPFDFKHGKWWSGDQJDFRPPHPFDFKHG


